Organic substances in the liquid phase of the sludge in a membrane bioreactor (MBR) 2 have a profound impact on membrane fouling. In this study, a single-fibre microfiltration 3 apparatus was developed to investigate the fouling propensity of MBR sludge and the 4 effectiveness of ozonation in membrane fouling mitigation. The results show that biopolymer 5 clusters (BPC) in the MBR suspension had a significant influence on the fouling potential of 6 the sludge. An increase in BPC concentration by 20% and 60% from around 3.5 mg/l in the 7 mixed sludge liquor drastically increased the fouling rate by 120% and 300%, respectively. 8 Ozonation of the BPC solution greatly reduced the detrimental role of BPC in membrane 9
5 sludge concentration. A pressure sensor (PTX Ex-0129, Druck, USA) was installed before 86 the suction pump to record the trans-membrane pressure (TMP) during sludge filtration. Both 87 the permeate production and TMP data were transferred to a PC for continuous data 88 recording (Fig. 1 ). The membrane fouling rate was measured by the increase in TMP with the 89 amount of permeate produced (filtrate depth, L), or ΔTMP/ΔL. After each filtration-fouling 90 test, the membrane fibre was taken off the filtration tube and washed with 100 ml of DI water 91 at 40ºC to recover all of the sludge and foulants deposited on the membrane surface. The 99 The sample activated sludge (AS) and biopolymer substances for the filtration tests were 100 collected from a submerged MBR (SMBR). The laboratory SMBR had a working volume of 101 5 l and contained a submerged 0.4 μm polyethylene MF module (surface area = 0.2 m 2 , 102 Mitsubishi Rayon, Japan). The sewage fraction supplied around 10% of the total organic load in the influent. The wastewater 108 influent had a chemical oxygen demand (COD) of around 500 mg/l and a COD:N:P ratio of 109 100:9:3. NaHCO 3 was added to the influent at 50 mg/l or higher to maintain the pH of the 110 MBR suspension between 6.5 and 7.5. The biomass concentration, food-to-microorganism 111 (F/M) ratio, solid retention time (SRT) and hydraulic retention time (HRT) of the SMBR 112 system were 10 g/l, 0.2 g COD/g SS d, 25 d and 8 h, respectively. 113 The AS mixture collected from the SMBR was settled for 1 h, and the settled sludge was 114 then diluted with a 0.05% NaCl solution to a mixed liquor suspended solids (MLSS) 115 concentration of 3 g/l. Large organic substances, or biopolymer clusters, were obtained from 116 the cake sludge (CS) deposited on the surface of the membrane in the SMBR. When the 117 membrane was seriously fouled, the CS layer was scraped off the membrane using a spatula. 118 The CS was then re-suspended and dispersed by stirring it in a 0.05% NaCl solution. The CS 119 suspension was then separated by sedimentation at 4ºC for 12 h and the supernatant was 120 collected. The organic substances in the CS supernatant were regarded as biopolymer clusters 121 [12, 14] . The CS supernatant, or BPC solution, was analysed for TOC and PN, PS and HS 122 content. 123 The BPC solution was added into the AS suspension (3 g/l) at different doses. Each 124 sludge suspension was then tested for its fouling propensity using the single-fibre MF 125 filtration apparatus. In this way, the effect of the BPC content in the sludge mixture on the 126 fouling potential of the sludge during membrane filtration was determined. Ozonation was also applied to the BPC solution with an intention to modify the BPC 130 properties before their addition to the sludge. Ozonation was performed quantitatively by 131 adding ozone-containing water into the BPC solution. Ozone was generated in the gaseous 132 phase by an ozone generator (5000 BF, Enaly, China) that was supplied with pure oxygen. To The BPC size distribution was determined by using a laser diffraction particle analyser 150 (LS 13 320, Beckman Coulter, USA). Before the particle sizing and counting, the BPC in the 
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Reduction of the membrane fouling rate by BPC ozonation 207
Ozonation was applied to the BPC solution before its addition into the sludge suspension. decreased significantly compared with the identical test cases without ozonation (Fig. 2b) . 215 The average fouling mitigation efficiency by BPC ozonation was over 70% (Fig. 3) . Thus, 216 the ozonation of BPC may be an effective fouling control measure in SMBR systems.
11
After each filtration test, the fouling sludge layer on the single-fibre membrane was 218 collected and analysed for the solid and BPC content to determine the average deposition 219 rates of the solid matter and BPC on the membrane surface during sludge filtration. The 220 results show that the deposition rates of both the solids and BPC decreased as the ozone dose 221 applied to the BPC solution increased (Fig. 4) . It should be noted that the biomass solids were to be the breaking up of large BPC. This is demonstrated by the significant reduction in BPC 242 size after ozonation. According to the particle size analysis (Fig. 6) , a small ozone dosage of 
Effect of BPC destruction on membrane fouling control 270
Due to the size reduction and possible modification of the surface properties of BPC after 271 ozonation, the cut-off ratio of the BPC by filtration decreased (Fig. 8) . In other words, the 
